INTRODUCTION {#s1}
============

Highly active antiretroviral therapy has transformed HIV-1 infection into a long-term manageable disease.[@R1],[@R2] However, treatment-related toxicities and safety issues can limit the use of some drug components of antiretroviral regimens.[@R3]--[@R5] In particular, safety concerns may result in treatment discontinuation of nucleos(t)ide reverse transcriptase inhibitors (NRTIs),[@R3],[@R6]--[@R11] which has led to the development of NRTI-sparing regimens.

NRTI-sparing regimens have been evaluated in treatment-naive,[@R12]--[@R15] virologically suppressed,[@R16]--[@R18] and treatment-experienced patients with previous virological failure.[@R19]--[@R21] However, controversy remains as to whether NRTI-sparing regimens are beneficial.[@R22]

Atazanavir (ATV) combined with the integrase strand transfer inhibitor (INSTI) raltegravir (RAL) was effective in treatment-naive patients in the SPARTAN trial,[@R13] although RAL resistance emerged in 4 patients and adverse events (AEs) of grade 4 hyperbilirubinemia occurred in 20.6% of patients.

Here, we report the findings of the HARNESS pilot study, that evaluated the efficacy and safety of switching from a triple-drug antiretroviral regimen that included 2 NRTIs to ritonavir-boosted ATV (ATV/r) plus tenofovir disoproxil fumarate/emtricitabine (TDF/FTC) or to the NRTI-sparing regimen of ATV/r plus RAL in treatment-experienced HIV-1--infected adults who required a treatment change due to safety/tolerability issues.

METHODS {#s2}
=======

HARNESS was a prospective, randomized, open-label, parallel-group, multinational, 48-week pilot study conducted from October, 2011 to February, 2014 at 30 sites in 7 countries ([ClinicalTrials.gov](http://ClinicalTrials.gov) NCT01332227). The study was conducted in accordance with Good Clinical Practice, and with ethical principles issued by the European Union and contained in the United States Code of Federal Regulations. The protocol was approved by the institutional review board for each site. Study participants provided written informed consent before entering the study.

Eligible patients were medically stable HIV-1--infected adults aged ≥18 years with an HIV-1 RNA level \<50 copies per milliliter for ≥3 months (and a single measurement of \<40 copies per milliliter during the preceding 30 days) during which time they were on a stable regimen that comprised of 2 NRTIs with a third antiretroviral agent (excluding ATV). In addition, patients were required to be experiencing treatment-related safety/tolerability issues.

Patients with a history of switching highly active antiretroviral therapy regimens for virological failure, resistance to any component of the study regimen, previous or current exposure to ATV or RAL, safety/tolerability issues with TDF/FTC or ritonavir, and those using proton pump inhibitors were excluded.

Patients were randomized (1:2 ratio) by an interactive voice response system to receive oral ATV/r 300/100 mg plus TDF/FTC 300/200 mg once daily (ATV/r+TDF/FTC) or ATV/r 300/100 mg once daily plus RAL 400 mg twice daily (ATV/r+RAL).

An independent Data Monitoring Committee (DMC) was responsible for stopping the study if ≥15% of patients in the ATV/r+RAL group had 2 consecutive on-treatment HIV-1 RNA levels ≥400 copies per milliliter by week 12 (Stopping Rule 1); or if ≥5 patients in the ATV/r+RAL group developed genotypic substitutions and phenotypic resistance to RAL or ATV by week 24 (Stopping Rule 2).

The primary endpoint was the proportion of patients maintaining virological suppression (HIV-1 RNA \<40 copies per milliliter, Abbott m2000rt PCR assay; Abbot Laboritories, Des Plaines, IL) at week 24, assessed using an intention-to-treat algorithm. Patients who discontinued therapy before week 24, or experienced virological rebound (2 consecutive on-treatment HIV-1 RNA levels of ≥40 copies per milliliter or the last on-treatment HIV-1 RNA level of ≥40 copies per milliliter followed by discontinuation), or those with missing week 24 measurements were regarded as nonresponders. Treatment response was analyzed cumulatively at weeks 4, 8, 12, 16, 24, 36, and 48 by intention-to-treat algorithm and observed values approaches (number of responders divided by the number of patients randomized or number of patients with on-treatment HIV-1 RNA values, respectively).

Secondary endpoints were the proportion of patients maintaining virological suppression at week 48, and the number of patients with virological rebound and associated genotypic or phenotypic resistance. Genotypic resistance profiles were assessed in patients with suitable isolates (HIV-1 RNA ≥500 copies per milliliter) using recognized databases.[@R23],[@R24] Adherence was assessed using the modified antiviral medication adherence questionnaire at baseline and at weeks 4, 12, 24, and 48. Safety/tolerability reasons for switching from prestudy regimens were assessed at baseline using a questionnaire designed for this study, and were reassessed at weeks 12, 24, and 48. Safety and tolerability of study treatment was assessed by AE reports and laboratory tests.

No formal sample size calculation or statistical hypothesis testing was performed in this pilot study. Exact binomial 95% confidence intervals were calculated for the proportions of patients maintaining virological suppression.

RESULTS {#s3}
=======

Of 132 patients screened, 109 were randomized and treated with ATV/r+RAL (n = 72) or ATV/r+TDF/FTC (n = 37). Reasons for switching, in descending order of frequency, were gastrointestinal symptoms, central nervous system symptoms, dyslipidemia, lipdystrophy and pill burden (Table [1](#T1){ref-type="table"}).

###### 

Patient Demographics and Baseline Characteristics

![](qai-71-0538-g001)

A lower proportion of ATV/r+RAL recipients (56/72; 77.8%) than ATV/r+TDF/FTC recipients (32/37; 86.5%) completed therapy due to discontinuation for AEs (n = 4 vs 1, respectively), lack of efficacy (n = 3 vs 1), withdrawal of consent (n = 4 vs 1), noncompliance (n = 1 vs 1), and other reasons (n = 4 vs 1) (for CONSORT flow diagram, see Supplemental Digital Content 1, <http://links.lww.com/QAI/A771>).

A lower proportion of ATV/+RAL recipients than ATV/r+TDF/FTC recipients maintained virological suppression at week 24 (primary endpoint) and at week 48 (Table [2](#T2){ref-type="table"}).

###### 

Results at Weeks 24 and 48

![](qai-71-0538-g002)

Virological rebound was documented in 10 patients. By week 24, virological rebound had occurred in 7/72 (9.7%) patients on ATV/r+RAL and 1/37 (2.7%) on ATV/r+TDF/FTC. Because of delays in obtaining resistance data, Stopping Rule 2 could not be assessed at the 24-week DMC meeting. Despite not meeting either of the predefined Stopping Rules, the DMC recommended stopping the trial, given the divergent rebound rate and absence of resistance data. However, by that time all patients had reached week 48 of treatment.

Two further patients had rebound between weeks 24 and 48, one of whom had HIV-1 RNA levels of 129 and 85 copies per milliliter at weeks 36 and 48, respectively, and the other who had an HIV-1 RNA level of 797 copies per milliliter at week 36 and \<40 copies per milliliter by week 48. (For time-to-event analysis of treatment response, see Supplemental Digital Content 2, <http://links.lww.com/QAI/A771>).

CD4^+^ counts increased from baseline at week 24 by 31 and 24 cells per cubic millimeter with ATV/r+RAL and ATV/r+TDF/FTC, respectively, and at week 48, by 54 and 10 cells per cubic millimeter, respectively.

One of 4 ATV/r+RAL-treated patients with rebound at week 24 who underwent resistance testing had HIV-1 isolates with INSTI mutations Y143C and N155H and phenotypic resistance to RAL. Another patient had isolates with INSTI mutation F121Y without phenotypic resistance, but had numerous mutations that confer resistance to protease inhibitors (PIs), including ATV. No evidence of genotypic resistance was detected in the remaining 2 patients. No evidence of INSTI or PI resistance was observed in the 1 ATV/r+TDF/FTC-treated patient who experienced rebound at week 24.

The proportion of patients who never missed medication in the ATV/r+RAL and ATV/r+TDF/FTC groups was comparable at week 24 \[77.0% (47/61) and 75.8% (25/33), respectively\], but was lower in recipients of ATV/r+RAL \[75.9% (41/54)\] than ATV/r+TDF/FTC \[81.3% (26/32)\] at week 48. One ATV/r+RAL-treated patient interrupted treatment for 49 days because of *Legionella* pneumonia, which resulted in rebound. No other patients had interruptions for \>3 days.

Tolerability issues identified at baseline improved in the majority of subjects in both groups. However, the proportion of ATV/r+TDF/FTC-treated patients reporting improvement was higher than that in the ATV/r+RAL group, largely driven by improvements in dyslipidemia and pill burden in the ATV/r+TDF/FTC group (Table [2](#T2){ref-type="table"}; for the range of responses and their categorization, see Supplemental Digital Content 2, <http://links.lww.com/QAI/A771>).

More ATV/r+RAL than ATV/r+TDF/FTC recipients discontinued treatment due to AEs (n = 4 vs 1). In contrast, more patients on ATV/r+TDF/FTC had renal and urinary disorders (Table [2](#T2){ref-type="table"}). One ATV/r+RAL-treated patient developed proteinuria on day 56, which resolved without treatment interruption and was considered unrelated to study treatment.

Similar proportions of patients had AEs of grade 3--4 hyperbilirubinemia. Overall rates of grade 3--4 changes in total bilirubin (not necessarily reported as an AE) in the ATV/r+RAL and ATV/r+TDF/FTC groups were 49.3% and 40.5%, respectively. Two patients discontinued ATV/r+RAL and 1 discontinued ATV/r+TDF/FTC for hyperbilirubinemia-related events.

Lipid profiles showed opposite trends during treatment, with all parameters increasing in the ATV/r+RAL group and all parameters decreasing in the ATV/r+TDF/FTC group.

DISCUSSION {#s4}
==========

Among patients switched to ATV/r+RAL, maintenance of virological suppression was lower and virological rebound was higher than those switched to ATV/r+TDF/FTC. Although safety/tolerability issues identified at baseline improved with ATV/r+RAL, these improved to a lesser extent than with ATV/r+TDF/FTC. In addition, treatment discontinuation occurred more frequently and adherence was lower with ATV/r+RAL. These findings, therefore, do not support switching for safety/tolerability reasons to ATV/r+RAL in virologically-suppressed patients.

Other randomized controlled trials have evaluated RAL-containing NRTI-sparing regimens in treatment-naive patients[@R13],[@R15],[@R25] and treatment-experienced patients with virological suppression switched either because of tolerability concerns[@R17],[@R18],[@R26] or because of virological failure.[@R19]--[@R21] In patients switched because of virological failure, 3 substantive noninferiority trials have established similar virological efficacy in patients randomized to receive RAL plus a boosted PI with or without a third agent compared with NRTI-containing regimens.[@R19]--[@R21] However, evidence for efficacy of NRTI-sparing regimens in other contexts is less certain. In treatment-naive patients, INSTI resistance mutations occurred more frequently with ritonavir-boosted darunavir (DRV/r)+RAL than with DRV/r+TDF/FTC, and virological outcomes were worse in DRV/r+RAL recipients with CD4^+^ counts \<200 cells per microliter in the NEAT001/ANRS143 study[@R15]; and in the SPARTAN study, unboosted ATV+RAL provided better virological suppression than ATV/r+TDF/FTC, although RAL resistance occurred.[@R13] In treatment-experienced patients switched for tolerability concerns, only limited evidence is available from small pilot studies.[@R17],[@R18],[@R26] The results of the small BATAR study suggested that switching to ATV/r+RAL was equivalent to remaining on ATV/r+TDF/FTC with respect to virological suppression[@R17]; however, these preliminary findings have not been supported by the larger HARNESS pilot study.

Potential reasons for the lower maintenance of virological suppression with ATV/r+RAL compared with ATV/r+TDF/FTC may include differences in regimens at baseline, treatment-emergent resistance mutations, reduced drug exposures, adherence issues, and treatment discontinuations.

More patients in the ATV/r+RAL group (51.4%) than in the ATV/r+TDF/FTC group (37.8%) switched from NNRTI-based regimens, which are associated with a lower genetic barrier to resistance than PI-based regimens,[@R27] and this could have potentially biased the results.

Of the 9 patients in the ATV/r+RAL group with virological rebound up to week 48 (2 of whom resuppressed), only 2 had isolates with clinically relevant resistance mutations. One patient had 2 major INSTI resistance mutations and the second had multiple mutations associated with resistance to PIs, including ATV. This second patient was virologically suppressed with DRV/r+TDF/FTC at baseline, developed virological rebound after switching to ATV/r+RAL and then resuppressed after resuming DRV/r+TDF/FTC. The pattern in this patient might be explained by archived resistance to ATV and the lower genetic barrier to resistance of RAL. However, the development of resistance mutations in just 2 patients receiving ATV/r+RAL is insufficient to explain the between-group difference in virological suppression rates.

Intensive pharmacokinetic and C-trough analyses did not identify reduced ATV exposure in the ATVr+RAL group; however C-trough values were not necessarily obtained at the time of virologic failure (see Supplemental Digital Content 4, <http://links.lww.com/QAI/A771>).

Self-reported adherence was poorer with ATV/r+RAL than ATV/r+TDF/FTC after week 24 and may have contributed to virological rebound occurring during weeks 24--48. Twice-daily RAL dosing and lesser improvements in pill burden in the ATV/r+RAL than in ATV/r+TDF/FTC recipients may have also adversely affected adherence.

More recipients of ATV/r+RAL than ATV/r+TDF/FTC discontinued treatment, thereby contributing to the difference in virological suppression rates. However, there were no unexpected safety signals and no differences in bilirubin-related AEs or bilirubin-related treatment discontinuations. Interestingly, grade 4 hyperbilirubinemia was less frequent in the current study (2.8% at week 48) than in SPARTAN (20.6% at week 24), possibly because of the higher ATV exposures with unboosted twice-daily ATV+RAL in SPARTAN.[@R13] Renal AEs were more common and lipid abnormalities were less common in ATV/r+TDF/FTC recipients, consistent with the safety profile of TDF.

Study limitations include small sample size, lack of formal statistical comparisons between the 2 groups, potential bias associated with observed value analysis, absence of pretreatment genotype data for patients who failed previous treatment regimens, self-reporting of treatment adherence, and lack of a continuation of baseline treatment arm.

In conclusion, this pilot study did not support switching to ATV/r+RAL for safety/tolerability reasons in treatment-experienced patients with virological suppression. The lower virological suppression rate with ATV/r+RAL than ATV/r+TDF/FTC was likely due to lower adherence with twice-daily RAL, tolerability issues, and increased treatment discontinuation. It remains to be established whether ATV/r plus RAL, in a fully-powered study, or ATV/r plus once-daily dolutegravir may improve outcomes for patients needing an NRTI-sparing regimen.
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